Abstract -Particles that can mimetize some of the mechanical and geometrical properties of red blood cells and other cellular components of the human body can have important applications in the development of drug delivery carriers and blood substitutes. In this work gelatin microparticles are produced in a droplet microfluidics flow focusing device. Several operating conditions are studied and, for the best conditions, particles of 14-16 m are obtained. Two flow regimes are observed, dripping, when the Capillary number of the dispersed phase is smaller than 0.01, and jetting when the capillary number of the dispersed phase is higher than 0.01.
Introduction
Biomedical research requires the realistic in vitro mimetization of in vivo conditions to test medical devices, new drug delivery systems or to perform experiments to understand the response of tissues and organs. In some of these experiments, biological cells and tissues are used. However, not all experiments require living cells and tissues. In some cases the use of materials of biological origin have high gathering and maintenance costs. And in the case of humans, ethical issues limit the availability of tissues and cells. So, a demand exists for realistic mimics that can, at least in most experiments, substitute biological materials. Among the products that may be of interest are fluids that mimic the rheological properties of blood [1] and particles that mimic blood cells behaviour in microcirculation [2] .
Hydrogels are a family of materials with a large variety of properties, applications and fabrication paths. Hydrogels are obtained by crosslinking from monomers in aqueous solutions. Polymer networks with the ability to absorb water are obtained. Crosslinking can be induced by different changes in conditions, such as changes in temperature, pH or addition of an initiator. Hydrogels are usually biocompatible and can be used as drug delivery carriers and cell encapsulation [3] .
In this work we are concerned with the production micro sized particles that can be applied as drug carriers in the blood stream or in artificial microfluidic networks. The goal is to obtain monodispersed particles near the 6-10 m range by droplet microfluidics. To achieve this objective, experiments are conducted to optimize the operational conditions.
Methods

Device fabrication
The experiments were conducted in PDMS microchannels obtained by soft lithography from SU-8 molds, following our previous work [4] . No plasma treatment was applied to the microchannel, and so the surface was kept hydrophobic. The design used is represented in Fig. 1 . The dept of the microchannel is 50 m, the width of the main channel is 50 m and the width of the narrow passage is 20 m. The geometry contains arrays of pillars that function as pre-filters to avoid the clogging of the narrow gap of the main microchannel. 
Fluid properties
The particles were produced by droplet microfluidics using mineral oil with 3% of SPAN 80 as the continuous phase and a solution of 5% gelatin as the dispersed phase. The fluids properties are presented in Table 1 . 
Droplet formation
The gelatin was dissolved in hot water and subsequently cooled to 40 º C. The droplets were produced in the microfluidic device. Several flow rates were tested to test different flow conditions. The emulsion obtained was cooled at 5º C to solidify the droplets and form particles. Images of droplet formation were obtained through an inverted microscope by a high speed camera, following a previous procedure [4] .
Results
According to the literature, the flow pattern in flow focusing droplet microfluidics depends on the capillary numbers of the two phases. The Capillary numbers are defined as:
where is the viscosity, v the velocity, the interfacial tension and c and d refer to the continuous and dispersed phases, respectively.
Additionally, it may also depend on the viscosity ratio and on the Weber numbers. The Weber numbers are defined as:
where is the fluid density and W is the width of the main channel.
Here it is assumed that the inertial effects are negligible since the Weber numbers are smaller than 0.05. The flow pattern map in the form of a diagram (Cac, Cad) is shown in Fig. 2 . The viscosity ratio is 0.33. For Cac lower than 0.01, the flow is in the dripping regime while above 0.01 the flow is in the jetting regime for Cad lower than 0.1. Above 0.1 only one point is ICMFHT 112-3 available, corresponding to dripping regime with the formation of multiple droplets. The size of the droplets is represented in Fig. 3 .
The boundary between the dripping and the jetting regimes obtained for a viscosity ratio of 0.33 is similar to the one obtained in previous work [4] for a viscosity ratio of 533, suggesting that the regime map is independent of the viscosity ratio. However it will be necessary to obtain more data points to define the boundary more accurately.
The best operational conditions to obtain monodispersed small particles is Cac = 0.1 and Cad = 0.019. In this condition the particles have 16 m. Smaller particles (14 m) can be obtained for Cac > 0.143 and Cad = 0.019, but in this case the particles are not monodispersed. Higher values of Cad need to be explored, especially since the amount of particles produced is higher for higher flow rates of the dispersed phase, however above Cad = 0.019 the flow is probably in the jetting regime and the droplets become increasingly polydispersed. 
Conclusion
The formation of microparticles in a microfluidic device was studied for a set of operational conditions. It was found that the jetting regime appears when the Capillary number of the dispersed phase is above 0.01. The regime map is consistent with the regime map obtained for much higher viscosity ratios. It was possible to produce monodispersed microparticles with 16 m.
Further work is necessary to characterize the regime map with additional data points. Deformation tests in microfluidic channel constrictions will be conducted to characterize the mechanical properties of the particles and their behaviour in flow conditions. Redesign of the device may be necessary to reduce the size of the particles obtained.
